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<54) DIELECTRIC PORCELAIN COMPOSITION AND LAMINATE 

<57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a dielectric porcelain composition capable of 
improving stability of color tone to baking conditions without Q value and baking at a low 
temperature. 

SOLUTION: This dielectric porcelain composition is obtained by adding a B-containing 
compound in an amount of 3-20 pts.wt. expressed in terms of B203 and an alkali metal- 
containing compound in an amount of 1-10 pts.wt. expressed in terms of an alkali metal 
carbonate and an Ag-containing compound in an amount of 0.04-0.11 pts.wt. expressed in 
terms of Ag20 to 100 pts.wt. main component in which (x) satisfies ttie formula; 0<<x)<0.2 
when a compositional formula of metal elements by molar ratio is represented by the formula; 
(1-x)MgTi03.xCaTi03 in a composition containing at least Mg and Ti as metal ^elements. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word} which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



{Claim(s)] 

{Claim I] A principal component* with which said x is satisfied of 0<=x<=O.2 when Mg and Ti are 
contained at least as a metallic element and an empirical formula by these mole ratios is expressed as 
MgTiO(l-x)3 and xCaTi03 5 It is B content compound to this principal component 1 00 weight section 
B-2 03 By conversion, 3 - 20 weight section, A dielectric porcelain constituent which characterizes an 
alkali-metal content compound 1 - 10 weight section, and is characterized by coming to carry out 0.04- 
0. 11 weight section addition of the Ag content compound by Ag2 O conversion further by alkali -metal 
•carbonate conversion. 

{Claim 2] A dielectric porcelain constituent according to claim 1 characterized by carrying out "Si 
content compound by Si02 conversion, and coming toxarry out 0.1-5 weight section addition of 0.01 - 
5 weight section and the alkaline-earth-metal content compound by alkaline-earth-metal oxide 
conversion further to the principal component 1 00 weight section. 

(Claim 3] A dielectric porcelain constituent according to claim 1 or 2 characterized by coming to 'carry 
out 0.1-3 weight section addition of the Mn content compound by Mn02 conversion further to the 
principal component 100 weight section. 

"[Claim 4] A layered product characterized by being the layered product which has a conductor which 
uses Ag and/or Cu as a principal component, and said dielectric layer becoming the interior and/or a 
front face of a dielectric base which come to carry out two or more laminatings of the dielectric layer 
from a dielectric porcelain constituent according to claim 1 to 3. 



[Translation done.] 
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DETAILED DESCRIPTION 

(Detailed Description of the Invention] 
{0001 ] 

[The technical field to which invention belongs] This invention relates to the dielectric porcelain 
constituent and layered product which can be used for the various charges of resonator lumber and the 
dielectric substrate material for Media Interface Connector which are used in RF fields, such as 
microwave and a millimeter wave, the charge of dielectric waveguide lumber, a laminating mold 
ceramic condenser, etc. in RF fields, such as microwave and a millimeter wave, about the dielectric 
porcelain constituent and layered product which have high Q value. 
{0002] 

(Description of the Prior Art] Conventionally, dielectric porcelain is widely used for a dielectric 
resonator, the dielectric substrate for Media Interface Connector, waveguide, etc. in RF fields, such as 
microwave and a millimeter wave. And in recent years, the need of the dielectric ceramics is growing as 
a material of an electronic-circuitry substrate or electronic parts with the development and spread of 
mobile communications etc. including a cellular phone. 

(0003] In an electronic circuitry or electronic parts, it faced carrying out simultaneous baking of the 
dielectric ceramics and the inner conductor, and since the burning temperature of the conventional 
dielectric ceramics was an elevated temperature of 1 100 degrees C or more, as a conductor material, Pt, 
Pd, W, Mo, etc. which are high-melting comparatively were used, since a conductor material high- 
melting [ these ] has strong flow resistance — the conventional electronic-circuitry substrate — setting 
the Q value of a resonance circuit or an inductance — small — becoming — a conductor — there were 
problems, like the transmission loss of a line becomes large. 

(0004] Then, the dielectric ceramics of low-temperature baking in which small Ag of flow resistance, 
Cu, etc. and simultaneous baking are possible is proposed that the starting trouble should be solved, for 
example, the dielectric porcelain constituent indicated by JP,8-208330,A - MgO, CaO, Ti02, B-2 03, 
and Li2 C03 from - it becomes. 2000 or more and temperature coefficient tauf of resonance frequency 
were the 900-1 050-degree C things to which it can calcinate to an inner conductor and coincidence, such 
as Ag and Cu, at low temperature comparatively, specific-inductive-capacity epsilonr of dielectric 
porcelain has the outstanding property within * *40, and 1 8 or more and 7GHz [ of test frequencies ] Q 
value can realize a miniaturization and high-performance-izing of RF electronic parts. 
[0005] 

[Problem(s) to be Solved by the Invention] However, in the dielectric porcelain constituent indicated by 
JP,8-208330,A, there was a problem that the color tone of porcelain will change with baking -conditions. 
(0006] That is, in the above-mentioned dielectric porcelain constituent, when simultaneous baking was 
carried out with the inner conductor which consists of Ag, Ag of an inner conductor was spread in the 
dielectric layer, and there was a problem that a color tone changed with Ag near the inner conductor of a 
dielectric layer. It was generated even if several degrees C burning temperature changed, and even if 
change of such a color tone was porcelain which has the same property, the problem that appearance 
differed had it. 
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[0007] Moreover, in the above-mentioned dielectric porcelain constituent, sintering temperature was "still 
high, since the contraction initiation temperature in sintering was 845-960 degrees C and an elevated 
temperature further, matching of contraction behavior with conductor material was bad, and there were 
problems, such as that the substrate and electronic parts which were calcinated curve, and being 
distorted. 

(0008] Namely, although there are some which added metals, such as a glass component, a ceramic 
component, and Pt, Pd, as a conductor to the thing which uses Ag and/or Cu as a principal component, 
for -example, Ag and Cu, and Ag and Cu Since these conductors were about 650 degrees C as the 
contraction initiation temperature at the time of baking is high, its difference with the contraction 
initiation temperature of the above-mentioned dielectric porcelain constituent was large, and, thereby, 
they had the problem of a substrate etc. deforming. 

[0009] While this invention can improve the color tone stability over baking conditions, without having 
been made in view of the above-mentioned technical problem, and reducing Q value Can reduce burning 
temperature further rather than before for the purpose of offering the dielectric porcelain constituent and 
layered product which can carry out low-temperature baking, and contraction initiation temperature is 
made low. It can bring close to the contraction initiation temperature of a conductor, and even when 
simultaneous baking is carried out with the conductor which uses Ag and Cu as a principal component, 
it aims at offering the dielectric porcelain constituent and layered product which can control curvature 
and distortion. 
[0010] 

[Means for Solving the Problem] A dielectric porcelain constituent of this invention is MgTiO(l-x)3 and 
xCaTi03 about an empirical formula contain Nig and Ti at least as a metallic element, and according to 
these mole ratios. A principal component with which said x is satisfied of 0<=x<=0,2 when expressed, It 
is B content compound to this principal component 100 weight section B-2 03 They are 1 - 10 weight 
section and the thing which comes to carry out 0.04-0.1 1 weight section addition of the Ag content ; 
compound by Ag2 O conversion further in alkali-metal carbonate conversion about 3 - 20 weight section 
and an alkali-metal content compound at conversion. 

(001 1] Here, it is Si content compound further to the principal component 100 weight section Si02 It is 
desirable to come to carry out 0.1-5 weight section addition of 0.01 - 5 weight section and the alkaline- 
earth-metal content compound by alkaline-earth-metal oxide conversion by conversion. Moreover, it is 
Mn content compound ftirther to the principal component 100 weight section Mn02 It is desirable to 
come to carry out 0.1-3 weight section addition by conversion. 

{0012] A layered product of this invention is a layered product which has a conductor which uses Ag 
and/or Cu as a principal component on the interior and/or a front face of a dielectric base which *corrie to 
cairy out two or more laminatings of the dielectric layer, and said dielectric layer consists of the above- 
mentioned dielectric porcelain constituent. 
[0013] 

{Function] With the dielectric porcelain constituent of this invention, they are MgTiO(l -x)3 and 
xCaTi03. Since it comes to carry out specified quantity addition of B content compound, an alkali-metal 
content compound, and the Ag content compound to the principal component with which it is expressed, 
While temperature coefficient tauf of the resonance frequency in a -40-+85 degree C temperature 
requirement is satisfied with less than [ **40ppm/degree C ] of specific inductive capacity 18-20 and 
low-temperature baking of 1050 degrees C or less of it is attained less than, without degrading so much 
the Q value of perovskite mold multiple oxide original which consists of a principal component, in order 
tocarry out specified quantity content of Ag, the stability of the color tone over baking conditions 
improves. 

{0014] It is thought that it is based on the coloring effect of the dielectric layer by Ag and the effect 
which diffusion of Ag from the inner conductor which consists of Ag is controlled, and controls the 
color tone change near the inner conductor of a dielectric layer that the -stability of the color tone over 
baking conditions improves by carrying out specified quantity content of Ag since Ag is beforehand 
added in a dielectric layer. 
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{001 5] Moreover, while low-temperature baking of 920 degrees C or less is attained to a principal 
component by carrying out specified quantity addition of Si content compound and the alkaline-earth- 
metal content compound further, even if it can make contraction initiation temperature into 830 degrees 
C or less and carries out simultaneous baking with inner conductors, such as Ag and Cu, it does not 
deform. 

{O016] Moreover, the degree of sintering of a dielectric porcelain constituent can be improved* to a 
principal component by carrying out specified quantity content of the Mn content compound further. 
{001 7] That is, by carrying out specified quantity addition of the compound which-contains B, alkali 
metal, Si, alkaline earth metal, and Ag, respectively to the above-mentioned principal component, while 
being able to make temperature coefficient tauf of resonance frequency into less than [ **40ppm/degree 
C ] and being able to make [ specific inductive capacity / 1 8-20, and Qf value ] 920 degrees C or less 
and contraction initiation temperature into 830 degrees C or less for burning temperature more than 
20000 [GHz], it becomes possible to stabilize the color tone of porcelain to baking conditions. 
{001 8] Furthermore, even if it uses the conductor which uses Ag and/or Cu as a principal -component as 
an inner conductor by forming a layered product using the above dielectric porcelain -constituents, while 
there is no deformation of a layered product and having high dielectric characteristics, low-temperature 
baking can be performed and the substrate for RFs and the components for RFs by which the color tone 
was stabilized can be obtained. 
{0019] 

{Embodiment of the Invention] The dielectric porcelain constituent of this invention is Mg and calcium 
at least as a metallic element, It is MgTi03-xCaTi03 about the empirical formula contain Ti and 
according to these mole ratios. As opposed to the principal component 1O0 weight section with which 
said x is satisfied of 0<=x<=0.2 when expressed It is B content compound B-2 03 It is Ag2 O 
conversion about 1-10 weight section and Ag content compound, and comes to t:arry out 0.04-0.1 1 
weight section addition of 3 - 20 weight section and the alkali -metal Content compound by alkali-metal 
carbonate conversion by conversion. 

{0020] Here, they are MgTiO(l -x)3 arid xCaTi03 about the empirical formula according the principal 
component of the dielectric porcelain constituent of this invention to a mole ratio. When -expressed, 
when x exceeded 0.2 mols, it was presupposed that x satisfies 0<=x<=0.2 because temperature 
coefficient tauf of resonance frequency became large too much at a plus side. As for x, from a viewpoint 
of temperature coefficient tauf of the resonance frequency of dielectric porcelain, O.05<=x<=0.15 is 
especially desirable. Moreover, MgTi03 CaTi03 It sets, and if the ranges of a Mg/Ti ratio or a 
calcium/Ti ratio are 0.9-1 .1 , it can be used as a principal component of this invention. 
{0021] And with the dielectric porcelain constituent of this invention, it is B content compound to the 
principal component 100 weight section B-2 03 It is Ag2 O conversion about 1-10 weight section and 
Ag content compound, and comes to carry out 0.04-0.1 1 weight section addition of 3 - 20 weight -section 
and the alkali-metal content compound by alkali-metal -carbonate conversion byconversion. 
[0022] It is B to the principal component 100 weight section B-2 03 It is B-2 03 to have<carried out 3- 
20 weight section addition by conversion. When do not sinter at least 1 1 00 degrees C when an addition 
is under 3 weight sections, but the conductor and simultaneous baking which use Ag or Cu as a principal 
component become impossible and it exceeds 20 weight sections conversely, it is because the rate of the 
glass phase in a sintered compact increases and Q value falls. Therefore, the viewpoint of maintaining a 
degree of sintering and obtaining high Q value to B-2 03 5 - 15 weight section is desirable at 
conversion. As a B content compound, there are metal boron, B-2 03, KOREMAITO, CaB 204, 
borosilicate glass, HOUKEI acid alkali glass, HOUKEI acid alkaline earth glass, etc. 
{O023] Moreover, when having carried out 1-10 weight section addition of the alkali-metal content 
compound by alkali-metal carbonate conversion does not sinter at least 1 100 degrees C to the principal- 
component 1 00 weight section when an addition is under 1 weight section, but the conductor and 
simultaneous baking which use A g or Cu as a principal component become impossible and it -exceeds 10 
weight sections conversely, it is because a crystal phase changes and Q value falls. As for an alkali- 
metal content compound, it is desirable to carry out 3-10 weight section addition by alkali -metal 
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carbonate conversion from a viewpoint of the improvement in Q value. As an alkali metal, Li, Na, and K 
can be illustrated and especially Li is desirable also in this. As an alkali-metal content compound, the 
•carbonate of the above-mentioned alkali metal, an oxide, etc. can be illustrated. 

{0024] Furthermore, to the principal component 100 weight section, having carried put 0.04-0.1 1 weight 
section addition of the Ag content compound by Ag2 O conversion, when an addition is under the 0.04 
weight section, according to baking conditions, the color tone of porcelain tends to change and the 
addition effect is not acquired. It is because the Q value of dielectric porcelain will fall on the other hand 
if the Orl 1 weight section is exceeded. It is desirable to especially carry out 0.07-0.10 weight section 
addition of the Ag content compound by Ag2 O conversion from the color tone stability of dielectric 
porcelain and a viewpoint of Q value. As an Ag content compound, they are Ag, Ag20, and Ag2 C03. 
Ag2 from point [ are and ] that mixing of raw material powder is easy O, and Ag2 C03 It is desirable. 
-[0025] Moreover, with the dielectric porcelain constituent of this invention, it is Si content compound 
further to the above-mentioned principal component 100 weight section Si02 It is desirable to come to 
carry out 0.1-5 weight section addition of 0.01 - 5 weight section and the alkaline-earth^metal content 
compound by alkaline-earth-metal oxide conversion by conversion. 

[0026] It is Si content compound Si02 It is because having carried out 0.01 -5 weight section addition by 
conversion has a contraction initiation temperature higher than about 830 degrees C in thersintering 
process of dielectric porcelain when an addition is under the 0.01 weight section, and the addition effect 
is not acquired. It is because specific-inductive-capacity epsilonr of dielectric porcelain or Q value will 
fall on the other hand if 5 weight sections are exceeded. From a viewpoint of^pecific-inductive-capacity 
epsilonr of dielectric porcelain, or Q value, it is Si content compound Si02 It is ctesirable to carry out 
0.5-3 weight section addition by conversion, as Si content compound — Si02 and MgSi03 etc. — it is 
the existing thing which carries out 0.1-5 weight section addition of the alkaline-earth-metal content 
compound by alkaline-earth-metal oxide conversion again. When these are under the 0.1 weight 
sections, the contraction initiatibn temperature in the sintering process of dielectric porcelain is higher 
than 830 degrees C, and the addition effect is not acquired. On the other hand, if 5 weight sections are 
exceeded, temperature coefficient tauf of the resonance frequency of dielectric porcelain will become 
large too much at a plus side. It is desirable to especially carry out a total of 0.5 to 3.5 weight section 
addition of the alkaline-earth-metal content compound by alkaline-earth-metal oxide conversion from 
the degree of sintering of dielectric porcelain and a viewpoint of temperature coefficient tauf of 
resonance frequency. 

{0027] As an alkaiine earth metal, there are Mg, calcium, Sr, and Ba and Ba is desirable also in this. As 
an alkaline-earth-metal content compound, the carbonate of the above-mentioned alkaline earth metal, 
an oxide, etc. can be illustrated. 

{0028] Furthermore, it is Mn content compound further to a point to the principal component 100 weight 
section which improves a degree of sintering in the dielectric porcelain constituent of this invention 
Mn02 It is desirable to carry out 0.1-3 weight section content by conversion. This is Mn02. When 
fewer than the 0.1 weight section at conversion, the addition effect is small, and it is because dielectric 
characteristics get worse in [ than 3 weight sections ] more. It is Mn content compound Mn02 It is 
desirable to carry out 1 .2-1 .5 weight section addition by conversion. 

[0029] The dielectric porcelain of this invention is MgTi03 as raw material powder. Powder and 
CaTi03 Powder, B-2 03 Powder and Li2 C03 Powder and Si02 Powder, alkaline-earth-metal oxide 
powder (it MgO(s)) CaO, SrO, BaO, Ag2 O powder, and Mn02 powder are prepared. Weighing 
capacity is carried out so that it may become the presentation ratio which described these above, and it is 
Zr02. Grinding mixing is carried out with a ball. Grinding mixing is carried out after carrying out 
temporary quenching of this mixed powder at 650-850 degrees C until grinding particle size is again -set 
to 2.5 micrometers or less with Zr02 ball. This temporary-quenching powder is fabricated in a 
predetermined configuration by well-known methods, such as press forming and a doctor blade method, 
and it is obtained by calcinating below 1050 degrees C for 0.5 to 2 hours in the inside of atmospheric air 
or an oxygen ambient atmosphere, or non-oxidizing atmospheres, such as nitrogen-gas-atmosphere 
mind. 
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{0030] Metal salts, such as a hydroxide which generates an oxide by baking, a carbonate, and a nitrate, 
may be used for raw material powder. 

[0031] As for alkaline earth metal, adding as a glass frit is desirable from the point of the improvement 
in a degree of sintering. For example, B-2 03 Powder and Li2 C03 Powder and SiQ2 Using powder and 
alkaline-earth-metal oxide powder, a glass frit is produced and it adds. Under the present circumstances, 
B-2 03 Powder and Li2 C03 Powder and Si02 It cannot be overemphasized that the amount added as 
powder is an amount which deducted the amount used by the above-mentioned glass frit. 
(0032] With the dielectric porcelain of this invention, Zr etc. may mix in manufacture processes, such as 
a preferential grinding process of a raw material, or aluminum, Fe, Hf, Sn, etc. may be -contained as an 
unescapable impurity of a raw material. 

{0033] With the dielectric porcelain constituent of this invention, it is MgTi03. It considers as the main 
crystal grain child, and is CaTi03 to this. It may deposit. Moreover, 2 (Mg, Ti) O (B03) may deposit. 
(0034] In addition, alkaline earth metal is MgTi03. CaTi03 It dissolves to A site, or it becomes glass 
and a degree of sintering is made to improve. Moreover, Si and Ag exist as glass: Alkali metal dissolves 
in the main crystal phase, or exists in a grain boundary as glass. As for B, alkali metal, Ag and Si, and 
alkaline earth metal, most exists as glass. In the dielectric porcelain constituent of this invention, the 
diameter of average crystal grain is 1 -5 micrometers. 
10035] . 

[Example] As a raw material MgTi03 of 99% or more of purity Powder and CaTi03 Powder and B-2 
03 Powder, alkali-metal (Li, Na, K) carbonate powder, and Si02 Powder, alkaline-earth-metal oxide 
<MgO, CaO, SrO, BaO) powder, Ag2 O powder, and Mn02 Weighing capacity is carried out so that it 
may become the rate which shows powder in a table 1, and it is Zr02 through pure water. Wet blending 
was carried out with the ball mill using a ball for 20 hours. 

[0036] Next, this mixture was dried (dehydration) and temporary quenching was carried out at 800 
degrees C for 1 hour. This temporary-quenching object is ground so that grinding particle size may be 
set to 1 .0 micrometers or less, and it is 1 ton/cm2 as a sample for dielectric-characteristics assessment to 
the shape of a with a diameter height [ 8mm height of 10mm ] cylinder. Press forming was carried out 
by the pressure, it calcinated for 2 hours at the temperature which shows this in a table 2, and the sample 
of the shape of a cylinder with a diameter [ of 8mm ] and a height of 6mm was obtained. Under the 
present circumstances, contraction initiation temperature was measured by measurement of a heat 
shrink. 

[0037] Assessment of dielectric characteristics measured the specific inductive capacity and <Q value in 
the frequency of 8GHz by the dielectric cylinder resonator method using said sample. The value 
expressed with the product of Q value and a test frequency f was indicated to a table 1 . Moreover, 
temperature coefficient tau[ of the resonance frequency in a -40-+85 degree € temperature requirement ] 
f{ppm/**] was measured. 

-[0038] Furthermore, in order to judge the stability of the color tone over baking conditions, burning 
temperature was changed, and it calcinated and asked for the burning-temperature range where a color 
tone does not change. These results are indicated to a table 2. 
{0039] 
[A table 1] 
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[0041] The dielectric porcelain constituent of these tables 1 and 2 to this invention, It turns out that 
temperature coefficient tauf of resonance frequency becomes [ the burnmg-temperature range where a 
color tone does not change ] as larger [ as 20-30 degrees C ] than example No.of comparison 29 which 
1 8-20, and Qf value can calcinate [ less than / **40ppm/degree C / and specific inductive capacity ] 
below more than 20000 [GHz] and 930 degrees C, and do not add Ag content compound, or example 
No.of comparison 30 with few additions. 

{0042] And it is Si02 further. By the sample which added the alkaline-earth-metal content compound 
within the limits of this invention, sintering contraction begins at 760-830 degrees C, and it turns out 
that the outstanding degree of sintering which can be calcinated below 920 degrees C is acquired. 
{0043] In addition, in a table 1, Ba-calcium shows the total quantity of BaO powder and CaO powder in 
the column of an alkaline earth. 
{0044] 

{Effect of the Invention] Since specified quantity content of Ag is carried out while specific inductive 
capacity satisfies 1 8-20 less than [ **40ppm/degree C ] and being able to carry out low-temperature 
baking of the temperature coefficient tauf of resonance frequency below 1050 degrees C, without 
degrading so much the Q value of perovskite mold multiple oxide original which consists of a principal 

http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 2/6/2004 



Page 8 of « 



-component according to this invention as explained in full detail above, the stability of the color tone 
over baking conditions can be improved. Moreover, while low-temperature baking of 920 degrees C or 
less can do Si content compound and an alkaline-earth-metal content compound by carrying out 
specified quantity addition further to a principal component, even if it can make contraction initiation 
temperature into 830 degrees C or le$s and carries out simultaneous baking with inner conductors, such 
as Ag and Cu, it does not deform. 



{Translation done.] 
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